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I 
P2 
'rhe s p e c t r a l  r e f l e c t a n c e  p rope r t i e s  of a  commercially 
pre:pared black chrome over d u l l  n i cke l ,  110th p l a t e d  on s t e e l ,  
f o r  v w i o u s  p l a t i n g  t imes of t h e  black cllrome were measured. 
The plat:i.ng cu r ren t  was 180 amperes per  :;quare foo t .  
'rhe fol lowing values of  absorptance oC :integrated over 
t h e  sid-ar spectrum, and of i n f r a r e d  emit-zance € i n t e g r a t e d  
over 31-ack-body r a d i a t i o n  a t  250°F were obtained f o r  the  p l a t i n g  
t imes 7 7 .  (See Table 1.)  
'rhe hea t  absorbed over t h e  s o l a r  spectrum f o r  i n s o l a t i o n  of 
250 ~ t d h r - f t ~ ,  and t h e  hea t  l o s t  by rad:iation a t  a  p l a t e  tempera- 
t u r e  of 2!50°F i n  r a d i a t i o n  equi l ibr ium w:ith a  :_OO°F body were each 
calcu.Lat:ed f o r  t h e  var ious combinations of d and € given above. 
The r e s u 1 . t ~  i n d i c a t e  t h a t  p l a t i n g  between one and two minutes pro- 
duces t h e  optimum combination of h ighes t  hea t  absorbed and lowest 
hea-t Lost: by r a d i a t i o n .  

INTRODUCTION 
Th12 NASA-Lewis Research Center i s  c o ~ d u c t i n g  research  on 
s o l a r  coKLectors a s  p a r t  of t h e  na t iona l  program t o  develop new 
energy sources.  I t  i s  e s s e n t i a l  t h a t  f l a t - p l a t e  nonconcentrating 
s o l a r  cc:ll:Lectors have both t h e  maximum poss ib le  absorptance across  
t h e  soli3.r spectrum and t h e  minimum poss ib le  emittance i n  t h e  i n f r a -  
red i n  c:lrtXer t o  ensure maximum e f f i c i ency  a t  high c o l l e c t o r - p l a t e  
tempera-tures ( re f .  1) , 
Otl-lei? e s s e n t i a l  requirements of a  p r a c t i c a l  s o l a r - s e l e c t i v e  
coa t ing ,  i n  add i t ion  t o  t h e  requirement f o r  maximum e f f i c i e n c y ,  
a r e  east? and a v a i l a b i l i t y  of app l i ca t ion ,  low c o s t ,  and long-term 
d u r a b i l i t y  under s o l a r  r a d i a t i o n .  I t  has been ?reviously de te r -  
mined at- the NASA-Lewis Research Center t h a t  a  widely a v a i l a b l e ,  
comrr~erci.aL, decora t ive  e l e c t r o p l a t e d  f i n i s h  of the a c e t i c - a c i d  
type of black chrome has d e s i r a b l e  s o l a r - s e l e c t i v e  prsoperties of 
high absorptanee i n  t h e  v i s i b l e  and low e m i t t a n ~ e  i n  t h e  i n f r a r e d  
por t ions  of t h e  spectrum ( re f .  2 ) ,  I t  was a l s o  shown t h a t  i m -  
proved s o l a r - s e l e c t i v e  p r o p e r t i e s  of black chrone could be ob- 
ta ined by  underplat ing t h e  black chrome with d u l l  n i cke l  ( r e f .  3) . 
?he p l a t i n g  time was inves t iga ted  t h a t  would produce t h e  
optimum s o l a r - s e l e c t i v e  p r o p e r t i e s  f o r  black chrome p l a t e d  over 
d u l l  r i c k e l  on s t e e l .  The black-chrlome p l a t i n g  compound used i s  
availabl-e a s  a  p ropr i e t a ry  mixture from t h e  Harshaw Chemical Com- 
pany. Vis ib le  and i n f r a r e d  s p e c t r a l  r e f l ec t ance  were measured t o  
d e t e m ~ i n e  t h e  performance of t h e  s o l a r - s e l e c t i v e  coa t ing .  
This paper descr ibes  t h e  method of producing t h e  black chrome 
and t k e  r e s u l t s  of t h e  measurements of s p e c t r a l  r e f l c~c tance .  
DESCRIPTION OF SPECTRAL MEASUREMENTS 
A . 1 1  measurements repor ted  a r e  hemispherical d i f f u s e  r e f l ec t ance .  
The . spec t ra l  r e f l e c t a n c e  from 0.35 t o  2 . 1  microris of t h e  black 
chrclm~ ~7a.s measured with a  Cary-14 spectrophotometer wi th  a s p h e r i c a l  
d i f f u s e  r e f l ec t ance  attachment. A Plg0 su r face  prepal~ed a t  t h e  NASA- 
Lewis Research Center was used a s  a  s tandard.  
The s p e c t r a l  r e f l e c t a n c e  from 3 , O  t o  18.0 microns was measured 
wi th  a 'vJilly 318-A spectrophotometer which uses  a  spherical.  d i f f u s e  
r e f l e c t a n c e  attachment.  The Willy 318-A i s  a  Fourier7 transform type 
of  sp~c1:rophotometer. Evaporated gold f i l m  was used a s  a  s tandard.  
Eva~~or~at:ed aluminum on glass  was used as  a secondary s tandard.  

DESCKI P T I O N  OF BLACK CHK3MZ PK 'PARAT CON 
I n  l:hj-s i n v e s t i g a t i o n  black chrlorne was p l a t e d  over d u l l  n icke l  
on 4~6-i11(211 s t e e l  t e s t  panels .  
The s t e e l  panels  used f o r  t h e  measurements were 1020 co ld - ro l l ed  
s t e e l  pol i shed  on one sur face  t o  a  roughness of Less than  1 / 2  micro- 
inch RMS; t h e  panels  a r e  r egu la r ly  furil ished by ilpollo S t e e l  a s  
s tandard t e s t  coupons f o r  t h e  e l e c t r o p l a t i n g  indus t ry ,  There was no 
s ign i f i cance  f o r  s o l a r  c o l l e c t o r  a p p l i c a t i a n  i n  use of these  panels ;  
t h e i r  use ~ % e s u l t e d  only from ready a v a i l a b i l i t y  zs a  base f o r  t e s t s  
of e l e c t r o p l a t i n g  condi t ions .  
The panels  were f i r s t  p l a t e d  wi th  appr*oximately G.0005 inch of 
d u l l  nicltei  s ince  it had been previously dotermiled t h a t  more d e s i r -  
ab le  s o l a r  s e l e c t i v e  p r o p e r t i e s  a1.e obtained w i t h  undercoating of 
d u l l  nicl'e-L ( r e f .  2 )  than  with b r rgh t  ~ i c k e l  ( r e f ,  1) . Next t h e  d u l l  
n i c k e l  wigs  over-plated wi th  black clh~orne f o r  varying lengths  of time 
t o  produce a  v a r i a t i o n  amoyg panels  i n  th jckness  of black chrome. The 
r e s u l t  a  d u l l ,  mat te ,  nonspecular f i n l s h  covered over with a de- 
p o s i t  of beLack chrome which va r i ed  from bare ly  v i s i b l e  coverage a t  
t h e  lower p l a t i n g  t imes t o  a  ve lve t  black c o ~ t  a t  t h e  longer t imes.  
The panels  were p l a t e d  i n  the  fol lowing sequence: 
(1) Cleaned by e l e c t r o l y t i c  a l k a l i n e  c h e l a t i n g  clleaner a t  
190°F and. :TO t o  80 amPs/ft2, Two cyc les ,  interspersed.  wi th  a c i d ,  
were useC., 
(2) 11ull n i c k e l  was p l a t e d  from Ilarsha~t Chemical Company 
NUSAT a t  40 amps/ft2 f o r  115 minutes t o  depos i t  approximately 0.0005 
inch  of ~-!ic:kel. 
(3) Black chrome p l a t e d   fro^ Harshaw Chemical Conipany CHROEI- 
ONYX a t  ,2Y v o l t s  and 200 amps/'ft f o r  varying per iods  of t ime. 
(4) \dater r i n s e d ,  
(5) Alcohol r in sed .  
(6) Air d r i ed .  
The panels  &ere  wrapped I n  t i s s u e  and s to red  u n t i l  spec t r a l  
measurernenlrs were completed. 
TEST RESULTS 
For t h e  p l a t i n g  t imes of 15 seconds t o  10 minutes, t he  genera l  
appearance of t h e  panels  var ied  from an almost purely du l l -n i cke l  
appearance a t  15  seconds t o  a  ve lve t  black a t  10 minutes. Only a  
very fail-  t depos i t  of black chrome could be observed c)n t h e  15-second 
panel  b y  v i s u a l  observa t ion ,  
TIC? r ~ e s u l t s  of t h e  spectrlal  measuremt?nts of r e f l ec t ance  of 
blac'k 2hrome a s  a funct ion  of p l a t i n g  time a r e  shown i n  f i g u r e  1. 
I t  i s  evident t h a t  both t h e  v i s i b l e  and t h e  infl-ared r e f l ec t ances  
decrease with inc reas ing  p l a t i n g  time. The tori-esponding values 
of t h e  v i s i b l e  absorptance bC i n t eg ra t ed  over s o l a r  a i r  mass-2 
spectrurn, and of t h e  i n f r a r e d  emittance E a s  : integrated over a 
250°F b:Lac:k-body emi t t e r  a r e  shown i n  'Table I and a r e  plot t?r l  i n  
f i g u r e  2.  With inc reas ing  p l a t i n g  t ime, and consequently inc reas -  
i n g  black--chrome th ickness ,  t h e r e  i s  f i r s  t a r ap id  increase  i n  
v i s i b l e  absorptance without a s i g n i f i c a n t  increase  i n  i n f r a r e d  
emittance u n t i l  a near ly  maxi.mum value of  absor l~ tance  i s  reached, 
a f t e r  whioh t h e  emittance r ap id ly  inc reases  with no appreciable  
increase  i n  absorptance. Indeed, a s  p l a t i n g  i s  continued, the re  
i s  even a s l i g h t  decrease i n  absorptance across  t h e  s o l a r  spectrum. 
The optimum p l a t i n g  time i s  deterrninied by -the r a d i a t i v e  energy 
balance of t h e  c o l l e c t o r  p l a t e ,  Since t h e  abso:nptance i n  t h e  s o l a r  
spectrurn and t h e  i n f r a r e d  emittance both incraease with p l a t i n g  t ime, 
bu t  a t  d..ilferent r a t e s ,  t h e  "optimum" p l a t i n g  time occurs when 
where Qi3.bs i s  t h e  hea t  absorbed by t h e  co1lecto:r p l a t e  from s o l a r  
r a d i a t i o n  and Qrad i s  t h e  hea t  r ad ia t ed  by t h e  c o l l e c t o r  p l a t e  i n  
t h e  inf:r~ared. 
A t  values of dQab s 
- Q 1, p l a t i n g  t ime has 
dQrad 
produce~il coa t ing  condi t ions  such that increases  i n  energy l o s t  by 
changes i n  r a d i a t i o n  a r e  g r e a t e r  than increases  i n  energy gained by 
changes i iz  absorpt ion.  
The : re la t ionship  f o r  s o l a r  energy absorbed is  
wherecx i s  t h e  absorptance across  t h e  s o l a r  spectrum and H i s  t h e  
tota .1 s o l a r  i r r a d i a n c e  on t h e  c o l l e c t o r  p l a t e .  
The 'zeat l o s t  by i n f r a r e d  radiat i .on i s  
where 141 is  t h e  i n f r a r e d  emittance a s  i n t e g r a t e d  over t h e  black-body 
spectrum, and x denotes t h e  body wi th  which the  p l a t e  i s  i n  i n f r a -  
r e d  rad.i.alsive equi l ibr ium. The exact  magnitudes of  Qrad and dQabs 
% 
a r e  dep~~~nt len t  o  t h e  assigned values of Tx  and C S x .  
QalIls and Qrad have been ca. lculated f o r  assigned values o f :  
Thle r e l a t i o n  between Qabs and Qrad i s  p l o t t e d  i n  f i g u r e  3. The 2 opti.mum p:Lating time i s  approximately one minute a t  180 A/ft . 
SUMMARY OF RESULTS 
P,easurements of t h e  s p e c t r a l  r e f l ec t ance  over tl-le range from 
0.35 t o  1,3 microns of black chrome p la t ed  a t  t i n e s  varying from 15 2 secclnds t o  10 minutes, a l l  a t  180 amps/ft , and ca lcu la t ion  of t h e  
bala.nce between hea t  absorbed over the  s o l a r  spectrum and hea t  r a d i -  
atedi cver  t h e  i n f r a r e d  f o r  a p l a t e  temperature of 25C1°F, i n d i c a t e s  
t h a t  t h e  optimum p l a t i n g  time f o r  t h i s  cu r ren t  dens i ty  i s  between one 
and txo  minutes. Lesser p l a t i n g  t imes would produce low thermal per -  
forrr~ance of a s o l a r  c o l l e c t o r  due t o  low absorptance of  t h e  p l a t e .  
Greater p l a t i n g  t imes would produce low thermal performance of a 
so1a.r c~c)l.Lector due t o  high hea t  l o s s  r e s u l t i n g  from high p l a t e  
emit t a n ~ r e  . 
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